A series of novel 3-azolylpyrazolo[5,1-c][1,2,4]triazines was synthesized by reaction of 3-substituted pyrazole-5-diazonium salts with β-azolyl enamines in an efficient fashion. The structures of the compounds prepared were characterized by NMR spectroscopy, massspectrometry, elemental and X-ray diffraction analyses. Plausible mechanisms were formulated.
Introduction
Heterocyclic diazo compounds and the corresponding diazonium salts represent an important class of organic compounds due to their wide spectrum of reactivity in diverse reaction types. Similar to aromatic diazonium salts, they can couple with a very broad range of aromatic and heteroaromatic compounds 1, 2 as well as with active methylene reagents [3] [4] [5] [6] to form azo compounds and hydrazones, respectively. On the other hand, similarly to diazoalkanes, they react with alkenes, [7] [8] [9] [10] [11] [12] [13] [14] alkynes, [8] [9] [10] enamines, 10, 12, 13, 15 ynamines, 7, 12, 13, 16 isocyanates [17] [18] [19] [20] [21] [22] [23] and isothiocyanates 24, 25 to furnish a huge variety of heterocyclic compounds. Thus, heterocyclic diazo compounds are important building blocks in organic synthesis and can be used as key precursors in the synthesis of various derivatives.
We turned our attention to reactions of diazopyrazoles 1 with enamines because they take place in a regioselective manner to form pyrazolo [5,1-c] [1, 2, 4] triazines as exclusive products in good yields. Scheme 1 shows a few known examples for formation of pyrazolotriazines 2-4 by this reaction.
To the best of our knowledge 3-azolylpyrazolo [5,1-c] [1, 2, 4] triazines are not described in the literature and reactions of β-azolyl enamines with diazo compounds and diazonium salts are not studied so far. At the same time both pyrazolotriazines and azoles, such as 1,2,3-thiadiazoles and isoxazoles, exhibit interesting biological and chemical properties. [26] [27] [28] [29] [30] [31] [32] Therefore, it is a challenging task to develop a new efficient synthetic method for their preparation. In continuation of our interest in the chemistry of diazoazoles and the synthesis of various types of triazines we have carefully studied the reactions of 3-substituted pyrazole-5-diazonium salts with enamines containing heterocyclic components. 2a (78%) [15] 1a-c 3b (42%) [12, 13] 
Results and Discussion
In the current research we have studied the reaction of 3-substituted pyrazole-5-diazonium salts 6a-e with enamines 8a-f containing isoxazole and thiadiazole moieties and found that this leads to the formation of pyrazolo [5,1- 
To prepare pyrazole-5-diazonium salts 6a-d we treated 3-aryl-1H-pyrazole-5-amines 5a-d with sodium nitrite and sulfuric acid in water solution at 0-5 C. The desired compounds 6a-d were prepared in good yields as solid substances. In the case of 3-methyl-1H-pyrazole-5-amine 5e we did not manage to isolate hydrosulfate salt 6e as a solid. Therefore, it was alternatively generated from aminopyrazole 5e by reaction with sodium nitrite in an aqueous solution of HBF 4 at low temperature (Scheme 2) and tetrafluoroborate salt 6e was used in situ in further studies. Enamines 8a-f were prepared by treatment of the corresponding 5-methylthiadiazole-4-carboxylate 7a,b or alkyl 5-methyl-3-arylisoxazole-4-carboxylates esters 7c-f with DMF-DMA in the presence of N-methylimidazole under reflux for six hours as has been reported earlier 33, 34 (Scheme 3). Then with diazonium salts 6a-e and azolyl enamines 8a-f in hands we studied the reaction of 3-substituted pyrazole-5-diazonium salts 6a-e with azolyl enamines 8a-f (Scheme 4) and optimized the reaction conditions (Table 1) .
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© ARKAT-USA, Inc The study of the progress of the reaction mixture indicated that homogenous conditions were superior to heterogeneous ones (compare entries 2, 3 with entry 1). From the solvent screening it was found that acetonitrile was the best solvent (compare entry 3 with entries 1, 2 and entry 10 with entry 9). Furthermore, room temperature conditions performed better than heating at 45-50 ºC (compare entries 3, 10, 14 with entries 4, 11, 15, respectively). Based on the low yields of the title compounds at 50 ºC, the partial decomposition of the initial diazo compounds was assumed due to the temperature increase. Good yields of the desired pyrazolo[5,1-c][1,2,4]triazines 9 were obtained when the reaction was performed in acetonitrile at room temperature and these conditions were chosen as the optimal ones.
We have found the regioselective formation of novel 3-azolylpyrazolo[5,1-c][1,2,4]triazines 9a-l in good to excellent yields (Table 1) . Table 1 According to literature, we suggest three plausible mechanisms for the formation of the 3-azolylpyrazolo[5,1-c][1,2,4]triazines 9a-l (Scheme 5). Compounds 9a-l are assumed to be formed via coupling at C-2 of the activated double bond of enamines 8a-f with the diazonium ions of 6a-e to afford the azo intermediates I that undergo intramolecular cyclization via elimination of dimethylamine to final compounds 9. While triazine system formation in the two steps formally corresponds to the route A, an alternate routes B, C involving initial 1,3 union II followed by a [1, 5] -sigmatropic shift and elimination of dimethyl amine or 1,7-cycloaddition of 6 to 8 to yield III, which then aromatizes to form the title compounds 9a-l are also possible. 10, 12, 13, 15 We attempted to capture the intermediate I or II at a lower temperature (Scheme 5). However, it was difficult to check the presence of any intermediate product according to TLC. NMR experiments have shown that already 5 min after beginning of the reaction between cooled solutions of diazonium salt and enamine in dry DMSO-d 6 
Conclusions
We have demonstrated a simple, regioselective and convenient method for the synthesis of novel 3-substituted pyrazolo [ 
Experimental Section
General. Melting points were determined on a Stuart SMP30 and are uncorrected. The 1 H and 13 C NMR spectra were recorded on a Bruker Avance 400 spectrometer in DMSO-d 6 at 400 and 100 MHz, respectively. TMS was used as the internal standard. IR spectra were measured on a Bruker Alpha FT-IR spectrometer (ZnSe). The samples were examined directly as solids and ν max values were given for the main absorption bands. The results of elemental analysis for the obtained compounds correspond to calculated data (Perkin Elmer 2400 II). The reactions were monitored and the purity of the products was checked by TLC with Silufol UV-254 (silica gel STC-1A as the sorbent) using the following solvent systems: chloroform/ethanol, 5:1; hexane/ethyl acetate, 3:1. The single-crystal X-ray diffraction data for 9e were collected on an Agilent SuperNova diffractometer with Eos CCD detector, MoK α radiation, λ = 0.71073 Å. Data frames were processed (unit cell determination, intensity data integration, correction for Lorentz and polarization effects, and empirical absorption correction) using CrysAlis PRO. 37 The structure was solved by direct methods and refined by full-matrix least-squares based on F 2 using the SHELX 38 and Olex2. 39 H atoms were found in difference density maps and refined freely with isotropic temperature factors. The starting enamines: ethyl 8a and methyl 5-[ (E)-2-(N,N-dimethylamino)ethenyl]-1,2,3-thiadiazole-4-carboxylate 8b, (E)-methyl 8c and (E)-ethyl 5-[2-(N,N- 
isoxazole-4-carboxylate 8f were synthesized by known procedures. 33, 34 General procedure for the synthesis of 3-aryl-1H-pyrazole-5-diazonium hydrosulfates (6a-d). A cooled solution of NaNO 2 (0.08 g, 1.2 mmol) in water (0.5 mL) was added dropwise to a stirring suspension of 3-aryl-5-aminopyrazole 5a-d (1.0 mmol) in 30% H 2 SO 4 (4 mL, 2 mmol) at 0 °C. The reaction mixture was stirred at this temperature for 30 min. Then, the formed precipitate was collected by filtration, washed with cold water (3 mL) and dried in vacuo. 3-Phenyl-1H-pyrazole-5-diazonium hydrosulfate (6a). Pale beige solid, yield 0.22 g, 81%, mp 129-130 °C (decomposition). General procedure for the reaction of 3-substituted pyrazole-5-diazonium salts (6a-d) with 3-azolyl enamines (8a-f). To a stirred solution of diazonium salt 6a-d (1 mmol) in MeCN (2 mL), a solution of enamine 8a-f (1 mmol) in the same solvent (2 mL) was added at room temperature (see Table 1 ). The reaction mixture was stirring at this temperature for 0.7-4.5 h (see Table 1 ). After disappearing of the starting compounds as checked by TLC, the formed precipitate was filtered off. The gummy product was purified by washing with diethyl ether (5-10 mL), then dried and recrystallized from a mixture of chloroform and acetonitrile. Ethoxycarbonyl-1,2,3-thiadiazolyl) 3-(4'-Ethoxycarbonyl-1,2,3-thiadiazolyl)-7-(p-tolyl)pyrazolo[5,1-c][1,2,4 3-(4'-Methoxycarbonyl-1,2,3-thiadiazolyl)-7-methylpyrazolo[5,1-c][1,2,4 ]triazine (9e). A cooled solution of NaNO 2 (0.08 g, 1.2 mmol) in water (0.5 mL) was added dropwise to a stirring suspension of 3-methyl-5-aminopyrazole 5e (0.097 g, 1.0 mmol) in 50% HBF 4 (2 mL) at 0 °C. The reaction mixture was stirred at this temperature until the disappearing of the starting amine. Then to the stirred diazo solution of 3-methyl-1H-pyrazole-5-diazonium tetrafluoroborate 6e in HBF 4 a solution of enamine 8b (2 mmol) in MeCN (1 mL) and 20% aqueous solution of
3-(4'-

